A total of 148 Vibrio cholerae isolates from a major shrimp production area in Southern Thailand were examined by colony hybridisation for genes encoding heat-stable enterotoxin (NAG-ST) and cholera toxin (CT). Only non-01 I/. cholerae strains were found to harbour NAG-ST (14 of 146) whereas no strains hybridised with the CT probe. NAG-STpositive V . cholerue non-01 strains were isolated from shrimp farms situated close to urban areas. Five different 0 serogroups were found among NAG-ST positive non-01 strains. Southern blot and restriction endonuclease analysis of NAG-ST-positive strains revealed a high degree of genetic divergence. A total of seven classes of enterotoxin gene patterns were found with Hind111 and EcoRI restriction endonucleases. Enterotoxin gene patterns correlated with 0-antigen expression in 84 % of isolates tested. In combination with other molecular techniques Southern blot analysis with an NAG-ST oligonucleotide probe could be useful for studying the molecular epidemiology of V . cholerae non-01 strains.
Introduction
P'ibrio cholerau is an autochthonous bacterium found in aquatic environments'.' and has been associated with cholera and cholera-like diseases as well as extra-intestinal infections." Human infections with V. cholerae are most often associated with seafood consumption, exposure to polluted fresh water, brackish water or seawater, and foreign
The production and export of cultured shrimps from developing countries are important commercial Thus, the presence of V. cholerae in marine waters is of great concern for both seafood exporting and importing countries since most importing countries will detain any shrimp products that contain pathogenic V . cholerae. A previous study of brackish water shrimps for the presence of human pathogenic vibrios showed V. c'holerae to be part of the normal microflora in shrimp ponds.', ' Unfortunately, there is Received 8 Kov. 1994; accepted 9 March 1995. no information about the pathogenicity and serology of these V . cholerae i~olates.~ There is little information about the epidemiology of enterotoxigenic V. cholerae in areas where shrimp culture is practised.
Environmental strains of V. cholerae 0 1 and non-0 1 are often less pathogenic than clinical isolates, i.e., do not produce cholera toxin (CT) or heat-stable enterotoxin (NAG-ST).', lo Thus, before evaluating whether the presence of V . cholerae in shrimp culture is a public health risk, the pathogenic properties of the isolates were determined.
This study was performed to determine the prevalence of V. cholerae containing genes that encode two major enteric toxins, NAG-ST and CT,11-13 among a collection of strains isolated previously from a major shrimp production area in Southern Thailand. The 0 serogroups of NAG-ST positive V. cholerae non-01 strains were determined and these strains were examined with chromosomal digests and Southern blot analysis to determine their relationship to each other and to similar clinical and environmental isolates. 
Materials and methods

Bacterial strains
A total of 146 V. cholerae non-01 and two 0 1 isolates from 16 sites located in a major shrimp production area in Southern Thailand was included in colony hybridisation studies. The characterisation and identification of the strains has been reported.14 All NAG-ST-positive V. cholerae non-0 1 strains15 were submitted to Southern blot analyses (table). In addition, the following NAG-ST-positive isolates were included in the Southern blot analyses : strains OAE60-1, L48B, D82, C211, C677,'C711 and IC-210, all of which were isolated from patients with diarrhoea in Thailand;15 strains 1005 and 1145 were isolated in Thailand from food samples (table) .
Colony h y br idisat ion
All isolates were examined by the colony hybridisation technique for DNA sequences that encode NAG-ST and CT with oligonucleotide probes consisting of 16 and 23 bp, respectively.l6-lS The probes were labelled with either alkaline phosphatasel' or [y-32P]ATP as described ea~1ier.l~' l6 Pre-hybridisation and hybridisation were performed as reported prev i o~s l y .~~,~~~ 21 Colony hybridisation filters were exposed to X-Omat X-ray film (Kodak, Rochester, NY, USA) or developed colorimetrically22 for [Y-~~P]ATP and alkaline phosphatase-labelled probes, respectively. NAG-ST-producing V. cholerae non-0 1 strains, NRT36S23 and A512 and CT-producing V. cholerae strains, 88920 and MS37124 were used as positive controls on all filters. An Escherichia coli K12 strain was used as a negative control. Chromosomal DNA preparation and Southern blots Chromosomal DNA was extracted by the method of Murray and Thompson. 26 The DNA preparations were digested with EcoRI and HindIII restriction endonucleases (Gibco BRL). A 1-kb DNA ladder (Gibco BRL) was used as a molecular size standard. After electrophoresis, the DNA fragments were transferred to a nylon membrane (Hybond N, Amersham International plc, Amersham) by the technique of Southern2' with a vacuum blotter (BioRad Laboratories, Richmond, CA, USA) and an alkali blotting procedure (0.4 M NaOH). Nylon membranes were baked, pre-hybridised and hybridised with the [y-32P]ATP-labelled NAG-ST probe as previously described. 15 The membranes were exposed to X-Omat X-ray film overnight at -70°C and the film was developed according to the manufacturer's instructions.
Results
Of the 148 V. cholerae strains tested by the colony hybridisation technique, none hybridised with the CT probe. Fourteen (96%) of 146 V. cholerae non-01 isolates hybridised with the NAG-ST or CT probes. The two V. cholerae 0 1 isolates contained no genes that hybridised with the NAG-ST probe.
NAG-ST positive V. cholerae non-01 strains were not isolated from any shrimp samples (16 sampling sites), but were isolated from water and sediment samples at sites 1, 3 and 8. All three sites are close to major urban areas. Site 1 is in an open freshwater lake. Sites 3 and 8 are coastal, with a small river flowing into the sea at site 8. The river received large amounts of domestic waste from a fishing village. Furthermore, site 8 is a popular recreational area.
The 0 serogroups of NAG-ST positive non-01 V. cholerae are shown in the table. Of the 25 V. cholerae non-01 isolates studied, 23 (92 %) of 25 were serotyped, representing five different 0 serogroups.
The results of Southern blot analyses with the NAG-ST probe are shown in the table. Twenty V. cholerae non-01 strains contained a single copy of the NAG-ST gene with one HindIII fragment and one EcoRI fragment possessing sequences homologous to the gene probe. When digested with EcoRI, strain 63 appeared to contain a duplication of the NAG-ST gene, with two fragments hybridising with the gene probe. Strains 109, 116 and 117 contained no sequences homologous to the NAG-ST probe. In the colony hybridisation studies, neither of these strains hybridised with the alkaline phosphatase-labelled probe and they showed only a weak signal when hybridised with the 32P-labelled NAG-ST probe (data not shown). All three strains were confirmed to be NAG-ST positive in subsequent studies when nitrocellulose filters with large colony spots were used in colony hybridisation with the 32P-labelled probe.
Several enterotoxin gene patterns were seen among the V. cholerae non-01 strains. A total of seven classes of enterotoxin gene patterns was suggested (table) We previously reported a low prevalence of V. cholerae 0 1 (two of 111 sites) in all sample types obtained from a shrimp-producing area in Southern Thailand.14 A low prevalence of V. choZerae in brackish water environments has been described earlier.',' The two V . cholerae 0 1 isolates were CTnegative and were isolated from a shrimp pond water sample and a coastal water sample, respectively. digested with the restriction endonuclease EcoRI and Hence, toxigenic V. cholerae 0 1 does not seem to probed with the 32P-labelled NAG-ST probe, are constitute part of the normal bacteriological flora of shown in the 
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situated close to urban areas only, indicating that shrimp production in these areas might constitute a possible threat to public health. However, it should be noted that NAG-ST non-01 strains were not isolated from any shrimp samples. Furthermore, the infectious dose for V. cholerae is usually high ( 2 lo6 organism^).^' The finding of identical 0 serogroups (06 and 014) among previously isolated clinical strains14 and strains from coastal water samples is interesting and may be of public health relevance. We reported earlier that seven of 103 clinical V. cholerae non-01 isolates from Thailand and none of 78 clinical and environmental isolates from Mexico and the USA hybridised with an NAG-ST probe. 15 We isolated non-01 V. cholerae also from 15 of 215 patients with diarrhoea from an epidemic of a choleralike disease in a refugee camp in Thailand. Pal et ~1 .~' found that 2.3% and none of 521 environmental non-0 1 isolates hybridised with an NAG-ST and a CT probe, re~pectively,~' whereas Nair et al. 8 reported that none of 107 V. cholerae non-01 isolates from brackish water shrimps hybridised with a CT probe or produced NAG-ST. The epidemiological importance of the relatively high prevalence of NAG-ST-positive V. cholerae non-01 reported in the present study and in our previous studies in Thailand, compared with other geographical areas, needs further investigation.
V. cholerae 0139, the cause of the present epidemic of diarrhoea in India and Bangladesh, exhibits most characteristics of V. cholerae 0 1 including the ability to produce cholera toxin.30* 31 Since none of the 146 V. cholerae non-01 isolates included in this study contained genes that encode cholera toxin, agglutination of these isolates with 0139 antisera was not performed.
The establishment of consistent classes of enterotoxin gene patterns with HindIII and EcoRI restriction endonucleases suggests that both enzymes could be used to study the epidemiology of V. cholerae non-01 strains.
The finding of seven classes of enterotoxin gene patterns indicates a high evolutionary diversity among V. cholerae non-01 strains. This is supported by a study of V. cholerae non-0 1 restriction digest patterns of chromosomal DNA and Southern blot analysis with a cholera toxin gene probe and reveals that V. cholerae non-0 1 strains exhibited greater genetic diversity than the highly conserved V. cholerae 01. 32 In a recent study based on Southern hybridisation with an NAG-ST probe of 12 V. cholerae non-01 strains, two groups of hybridisable HindIII fragments were rep~rted.~' One group of strains exhibited a hybridisable fragment similar to that of the NRT36S reference strain and a smaller HindIII fragment hybridised with the probe in the other group of strains. The possibility that different chromosomal positions of NAG-ST genes influence the expression of the genes needs further investigation.
We reported earlier that strains D-82, C-2 1 1, C-677 and C-7 1 1 were epidemiologically ~nre1ated.l~ However, since all strains showed identical enterotoxin gene patterns (class 6) and belonged to the same serogroup (06), a very close genetic relationship among these strains is likely.
The results of the present study show for the first time a correlation between 0 serogroups and classes of NAG-ST enterotoxin gene patterns. On the basis of Southern blot analyses and serotyping, the isolates were divided into seven and five groups, respectively. In one case only, isolates that showed an identical enterotoxin gene class 4 belonged to two different 0 serogroups (014 and 047). Serogroups 0 6 and 014 both contained isolates that showed two enterotoxin gene classes.
All V. cholerae non-01 strains belonging to class 1 or class 2 were isolated only from site 1 whereas strains belonging to class 5 were isolated only from site 3. However, since environmental and clinical V. cholerae non-0 1 isolates, without any known epidemiological relatedness, were grouped in the same gene pattern classes (classes 3 and 4), Southern blot analysis with an NAG-ST oligonucleotide probe should be used in combination with other molecular techniques when studying the epidemiology of V. cholerae non-01.
The technical assistance of Jaidat Phetchana and Lasse Smidt is highly appreciated. Strain A-5 was kindly provided by Toshio Miwatani, Osaka University, Japan and strain NRT36S by Tae Takeda, Kyoto University, Japan. This study was supported by the Danish Council for Development Research, Danida (Danish International Development Assistance) fellowship no. 104.8/ 553.
